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sponding aryl formamides and aryl acetamides in acceptable to excellent yields. This method is sim-
ple, general, and practical for the rapid construction of aryl formamide and aryl acetamide
derivatives.
 2015 Production and hosting by Elsevier B.V. on behalf of King Saud University.1. Introduction
Dimethylformamide (DMF) [1] and dimethylacetamide (DMA)
are widely used as the ligands of metal catalysts [2], dehydrating
and reducing agents [3,4], catalysts [5], and initiators of free rad-
ical [6]. Besides, they are often employed as reactants to con-
struct dimethylethanamine [7], dimethylethanethioamide [8],
dimethylmethanethioamide, etc. [9]. So far, despite signiﬁcant
progress being achieved by chemists for the application of
DMF and DMA, there are only very limited reports [10] for
the acylation reactions using DMF and DMA as the acyl
resources. Herein, we report a direct, simple and acylationmethod to synthesize N-arylformamide and N-arylacetamide
derivatives using DMF as the formyl donor and DMA as the
acetyl donor (Scheme 1). Acylation is a very important process
in synthetic organic chemistry. Although a number of formyla-
tion and acetylation methods have been developed in recent
years [11,12], many of them require harsh reaction conditions
resulting in tedious puriﬁcation and use of moisture-sensitive,
toxic, expensive or somewhat unstable reagents. The presented
protocol of this paper complements the shortcomings of tradi-
tional acylation strategies to some extent.
2. Experimental
2.1. General
All the reactions were carried out at 100 C for 3 h in a Schlenk
tube equipped with magnetic stir bar. Solvents and reagents
purchased from Aldrich Chemicals or J & K Scientiﬁc Ltd,
were used as received. Petroleum ether (PE) refers to the frac-
tion boiling in the 60–90 C range. Thin-layer chromatography
NH2
R
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O
+ NH
R
R1
O
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R1=H, Me
Scheme 1 Synthesis of N-arylamide derivatives.
Direct acylation of aryl amines 115was performed using Qingdao-Haiyang 600 mesh silica gel
plates (GF254), and samples were made visual with short-
wavelength UV light (254 nm). Melting points were measured
on a melting point apparatus equipped with a thermometer
and were uncorrected. IR spectra were recorded on a Bruker
Vector 22 spectrometer as KBr pellets. 1H NMR and 13C
NMR spectra were recorded on a 400 MHz spectrometer in
solutions of CDCl3 using tetramethylsilane as the internal
standard, d values are given in ppm and coupling constants
(J) in Hz. GC–MS was obtained using an electron ionization
(EI) Agilent 6890N/5973 mass spectrometer.
2.1.1. Typical procedure for the synthesis of N-p-tolylformamide
(Table 2, entry 1)
A mixture of 3-oxo-N-phenylbutanamide (1a) (107 mg,
1.0 mmol), HCl (concentration: 36.5%) (100 mg, 1.0 mmol)
and N,N-dimethylformamide (DMF) (1.0 mL) was added suc-
cessively in a Schlenk tube, and the resulting solution stirred
for 3 h at 100 C. The mixture was then subjected to puriﬁca-
tion by preparative thin-layer chromatography (PE–EtOAc,
10:5) to afford product 2a.
2.2. Characterization data for all prepared compounds
2.2.1. N-p-tolylformamide (Table 2, entry 1) (CAS: 3085-54-9)
1H NMR (CDCl3, 400 MHz) d= 8.53 (d, J= 11.6 Hz, 0.5H),
8.31 (s, 0.5H), 8.17 (s, 0.5H), 7.44 (d, J= 8.4 Hz, 1.0 H), 7.12
(dd, J= 8.4 Hz, J= 8.4 Hz, 2H), 6.96 (d, J= 8.4 Hz, 1.0 H),
2.31 (s, 1.5H), 2.29 (s, 1.5H); 13C NMR (CDCl3, 100 MHz)
d= 162.7, 159.0, 135.1, 134.5, 134.3, 134.1, 130.2, 129.5,
120.7, 119.2, 20.8, 20.7.
2.2.2. N-(4-methoxyphenyl)formamide (Table 2, entry 2) [13]
1H NMR (CDCl3, 400 MHz) d= 8.47 (d, J= 11.6 Hz, 0.5H),
8.28 (s, 0.5H), 8.17 (s, 0.5H), 7.52 (s, 0.5H), 7.41 (d,
J= 8.8 Hz, 1.0H), 7.01 (d, J= 8.8 Hz, 1.0H), 7.01 (dd,
J= 8.8 Hz, J= 8.8 Hz, 2.0H), 3.77 (s, 1.5H), 3.75 (s, 1.5H);
13C NMR (CDCl3, 100 MHz) d= 163.1, 159.0, 157.6, 156.7,
129.9, 129.5, 121.8, 121.6, 114.9, 114.2, 55.5, 55.4.
2.2.3. N-(4-chlorophenyl)formamide (Table 2, entry 3) (CAS:
2617-79-0)
1H NMR (CDCl3, 400 MHz) d= 8.64 (s, 0.8H), 8.35 (s, 0.6H),
7.76 (s, 0.6H), 7.74 (s, 1H), 7.49 (d, J= 8.8 Hz, 1.2H), 7.30
(dd, J= 8.4 Hz, J= 8.8 Hz, 2.0 H), 7.04 (d, J= 8.8 Hz,
0.8H); 13C NMR (CDCl3, 100 MHz) d= 162.6, 159.1, 135.4,
135.3, 130.7, 129.8, 129.1, 121.2, 120.0.
2.2.4. N-m-tolylformamide (Table 2, entry 4) [14]
1H NMR (CDCl3, 400 MHz) d= 9.17 (s, 0.5H), 8.67 (d,
J= 8.0 Hz, 0.5H), 8.49 (s, 0.5H), 8.28 (s, 0.5H), 7.38 (s,
0.5H), 7.32 (d, J= 8.4 Hz, 0.5H), 7.18 (m, 1H), 6.95 (d,
J= 8.4 Hz, 0.5H), 6.89 (m, 1.5H), 2.30 (s, 1.5H), 2.26 (s,
1.5H); 13C NMR (CDCl3, 100 MHz) d= 163.2, 159.8, 139.7,138.9, 137.1, 136.6, 129.5, 128.8, 126.0, 125.5, 120.8, 119.4,
117.3, 115.7, 21.4, 21.3.
2.2.5. N-(4-bromophenyl)formamide (Table 2, entry 5) [14]
1H NMR (CDCl3, 400 MHz) d= 8.70 (s, 0.5H), 8.60 (d,
J= 11.6 Hz, 0.5H), 8.28 (s, 0.5H), 7.92 (s, 0.5H), 7.40 (d,
J= 8.4 Hz, 2H), 7.09 (dd, J= 8.0 Hz, J= 8.0 Hz, 2H), 6.96
(d, J= 8.4 Hz, 1H); 13C NMR (CDCl3, 100 MHz)
d= 163.0, 159.3, 135.1, 134.4, 134.4, 134.2, 130.2, 129.5,
120.1, 119.1.
2.2.6. N-(2-bromophenyl)formamide (Table 2, entry 6) [14]
1H NMR (CDCl3, 400 MHz) d= 8.67 (d, J= 11.2 Hz,
0.33H), 8.47 (s, 0.67H), 8.34 (d, J= 8.0 Hz, 0.67H), 7.81 (s,
1H), 7.56 (d, J= 8.0 Hz, 0.33H), 7.51 (d, J= 8.0 Hz,
0.67H), 7.26 (m, 1.33H), 7.04 (t, J= 7.6 Hz, 0.33H), 6.97 (t,
J= 7.6 Hz, 0.67H); 13C NMR (CDCl3, 100 MHz)
d= 161.7, 159.0, 135.0, 134.8, 133.5, 132.4, 128.7, 128.4,
126.4, 125.6, 122.3, 119.2, 114.6, 113.1.
2.2.7. N-phenylformamide (Table 2, entry 7) [10]
1H NMR (CDCl3, 400 MHz) d= 8.66 (d, J= 11.2 Hz, 0.5H),
8.47 (s, 0.5H), 8.34 (s, 0.5H), 7.61 (s, 0.5H), 7.52 (d,
J= 7.6 Hz, 1H), 7.31 (dd, J= 7.6 Hz, J= 7.6 Hz, 2H), 7.11
(m, 2H); 13C NMR (CDCl3, 100 MHz) d= 162.8, 159.2,
136.9, 136.7, 129.7, 129.1, 125.3, 124.8, 120.5, 118.8.
2.2.8. N-(pyridin-2-yl)formamide (Table 2, entry 8)
Pale yellow crystals; mp 72.3–72.8; IR mmax (KBr): 3184, 2960,
2853, 1708, 1594, 1549, 1460, 1405, 1305, 1173, 864, 779 cm1;
1H NMR (CDCl3, 400 MHz) d= 9.30 (s, 1.0H), 9.24 (s, 0.5H),
8.49(s, 0.5H), 9.30 (s, 1.0H), 8.23 (d, J= 8.4 Hz, 0.5H), 7.69
(m, 1.0H), 7.06 (m, 1.0H), 6.88 (d, J= 8.0 Hz, 0.5H); 13C
NMR (CDCl3, 100 MHz) d= 162.6, 159.3, 150.9, 150.6,
148.6, 147.3, 139.0, 138.6, 120.2, 119.8, 115.0, 110.4; MS (EI)
m/z (%): 94.00 (100); 122.00 (39.89); Anal. Calcd for
C6H6N2O: C, 59.01; H, 4.95; N, 22.94; Found: C, 60.08; H,
5.01; N, 23.10.
2.2.9. N-(naphthalen-1-yl)formamide (Table 2, entry 9)
Colorless crystals; mp 146.4–147.2 C; IR mmax (KBr): 3222,
2882, 1657, 1537, 1387, 1274, 793, 770 cm1; 1H NMR
(CDCl3, 400 MHz) d= 8.97 (s, 0.9H), 8.61 (m, 1.1H), 8.03
(d, J= 8.0 Hz, 0.9H), 7.97 (d, J= 7.2 Hz, 0.2H), 7.85 (m,
1.8H), 7.76 (d, J= 7.6 Hz, 0.9H), 7.68 (d, J= 8.0 Hz,
0.2H), 7.54 (m, 1.8 H), 7.49 (m, 0.2H), 7.43 (t, J= 7.6 Hz,
1.1 H), 7.28 (d, J= 7.2 Hz, 0.9H); 13C NMR (CDCl3,
100 MHz) d= 164.3, 159.8, 134.3, 134.0, 132.2, 128.8, 128.5,
127.7, 127.0, 126.9, 126.8, 126.4, 126.1, 126.1, 125.6, 125.5,
121.4, 120.9, 120.5, 118.9; MS (EI) m/z (%): 171.11 (100);
143.95 (94.51); Anal. Calcd for C11H9NO: C, 77.17; H, 5.30;
N, 8.18; Found: C, 77.08; H, 5.44; N, 8.27.
2.2.10. N-(4-nitrophenyl)formamide (Table 2, entry 10) [14]
1H NMR (CD3SOCD3, 400 MHz) d= 10.73 (s, 0.77H), 10.64
(d, J= 10.6 Hz, 0.5H), 8.98 (d, J= 10.4 Hz, 0.23H), 6.34 (s,
0.77H), 8.15 (m, 2.0H), 7.74 (d, J= 11.2 Hz, 1.54H), 7.35
(d, J= 11.2 Hz, 0.46H); 13C NMR (CD3SOCD3, 100 MHz)
d= 162.6, 160.4, 144.1, 142.4, 126.2, 125.3, 124.9, 118.9,
116.5, 112.3.
Table 1 Optimization of reaction conditions.a
NH2 N H
O
+
NH
H
O
1a 2a
Entry Temp. (C) Cat. (1.0 equiv) Time (h) Yield (%)b
1 100 PTSA 2 70
2 100 PTSA 3 92
3 100 PTSA 4 92
4 100 None 3 None
5 100 PTSA (1.5 equiv) 3 92
6 100 PTSA (0.5 equiv) 3 78
7 100 PTSA (0.1equiv) 3 16
8 120 PTSA 3 92
9 60 PTSA 3 22
10 r.t. PTSA 3 None
11 100 HCl 3 96
12 100 AcOH 3 54
13 100 Formic acid 3 72
a All reactions were carried out on 1a (0.25 mmol),
DMF(1.0 mL), HCl (concentration: 36.5%).
b GC yield.
116 Q. Zhang, C. Chen2.2.11. N-p-tolylacetamide (Table 3, entry 1) [15]
1H NMR (CDCl3, 400 MHz) d= 7.63 (s, 1H), 7.35 (d,
J= 8.0 Hz, 2H), 7.07 (d, J= 8.0 Hz, 2H), 2.27 (s, 3H), 2.11
(s, 3H); 13C NMR (CDCl3, 100 MHz) d= 168.5, 135.3,
133.9, 129.4, 120.1, 24.3, 20.8.
2.2.12. N-(4-methoxyphenyl)acetamide (Table 3, entry 2) [15]
1H NMR (CDCl3, 400 MHz) d= 8.05 (s, 1H), 7.37 (d,
J= 7.6 Hz, 2H), 6.78 (d, J= 7.6 Hz, 2H), 3.72 (s, 3H), 2.08
(s, 3H); 13C NMR (CDCl3, 100 MHz) d= 168.6, 156.2,
131.4, 121.8, 114.0, 55.4, 24.1;
2.2.13. N-(4-chlorophenyl)acetamide (Table 3, entry 3) [16]
1H NMR (CDCl3, 400 MHz) d= 7.45 (s, 1H), 7.41 (d,
J= 8.4 Hz, 2H), 7.22 (d, J= 8.4 Hz, 2H), 2.13 (s, 3H); 13C
NMR (CDCl3, 100 MHz) d= 168.4, 136.4, 129.3, 128.9,
121.1, 24.5.
2.2.14. N-m-tolylacetamide (Table 3, entry 4) [17]
1H NMR (CDCl3, 400 MHz) d= 7.32 (s, 1H), 7.20 (m, 3H),
6.91 (d, J= 7.6 Hz, 2H), 2.31 (s, 3H), 2.14 (s, 3H); 13C
NMR (CDCl3, 100 MHz) d= 168.2, 138.9, 137.7, 128.8,
125.1, 120.5, 116.9, 24.6, 21.4.
2.2.15. N-(4-bromophenyl)acetamide (Table 3, entry 5) [18]
1H NMR (CDCl3, 400 MHz) d= 7.64 (s, 1H), 7.37 (s, 4H),
2.13 (s, 3H); 13C NMR (CDCl3, 100 MHz) d= 168.4, 136.9,
131.9, 121.4, 116.9, 24.5.
2.2.16. N-(2-bromophenyl)acetamide (Table 3, entry 6)[19]
1H NMR (CDCl3, 400 MHz) d= 8.29 (d, J= 7.2 Hz, 1H),
7.58 (s, 1H), 7.50 (d, J= 8.0 Hz, 2H), 7.28 (t, J= 7.6 Hz,
1H), 6.95 (t, J= 7.2 Hz, 1H), 2.21 (s, 3H); 13C NMR (CDCl3,
100 MHz) d= 168.4, 135.7, 132.2, 128.3, 125.1, 121.9, 113.2,
24.8.
2.2.17. N-phenylacetamide (Table 3, entry 7) [20]
1H NMR (CDCl3, 400 MHz) d= 7.47 (d, J= 8.0 Hz, 2H),
7.43 (s, 1H), 7.28 (t, J= 8.0 Hz, 2H), 7.07 (t, J= 8.0 Hz,
1H), 2.14 (s, 3H); 13C NMR (CDCl3, 100 MHz) d= 168.4,
137.9, 128.9, 124.3, 119.9, 24.5.
2.2.18. N-(pyridin-2-yl)acetamide (Table 3, entry 8) [21]
1H NMR (CDCl3, 400 MHz) d= 8.06 (s, 1H), 8.24 (m, 2H),
7.71 (t, J= 7.6 Hz, 1H), 7.04 (t, J= 7.6 Hz, 1H), 2.20 (s,
3H); 13C NMR (CDCl3, 100 MHz) d= 169.0, 151.6, 147.1,
138.7, 119.6, 114.3, 24.6.
2.2.19. N-(4-nitrophenyl)acetamide (Table 3, entry 9) [22]
1H NMR (CD3SOCD3, 400 MHz) d= 10.54 (s, 1H), 8.19 (d,
J= 8.8 Hz, 2H), 7.81 (d, J= 8.8 Hz, 2H), 2.11 (s, 3H); 13C
NMR (CD3SOCD3, 100 MHz) d= 169.3, 145.4, 141.9,
124.9, 118.5, 24.2.
3. Results and discussion
Initially, we tried to establish an effective reaction system
between aniline (1a) and DMF (Table 1). Results of the screen-
ing study of reaction times, temperatures and amounts ofp-toluenesulfonic acid (PTSA) indicated that 100 C, 3 h and
1.0 equivalent of PTSA were the optimal reaction parameters
for completion of the reaction (entries 1–3 and 5–10). It is
noteworthy that the reaction would not work in the absence
of catalyst or at room temperature (entries 4 and 10). Among
the protic acids examined, hydrochloric acid displayed the
highest activity (entries 11–13).
The substrate scope toward this formylation was further
investigated, and the results are listed in Table 2. A wide array
of aryl amines was examined in the reaction with DMF, and
moderate to excellent yields were obtained in producing the
corresponding R-aryl formamides (Table 2). Aryl amine deriv-
atives, which bear substituted groups on the benzene ring, such
as methyl-, methoxyl-, chloro-, bromo-, alkoxycarbonyl-, etc.
at ortho-, meta- or para- positions, all reacted smoothly with
DMF to afford the desired corresponding formylated products
(Table 2, entries 1–9). It is noteworthy that the nitro- group in
4-nitrobenzenamine 1j was fairly incompatible with these con-
ditions to afford only 62% of product 2j even if increasing the
reaction time to 24 h (Table 2, entry 10). Moreover, 2,4-dini-
trobenzenamine could not react with DMF under the same
conditions.
To our delight, DMA could also react with 1 smoothly at
120 C, and the results are listed in Table 3. Similarly, the reac-
tions of aryl amines substituted at ortho-, meta- or para- posi-
tions with various functional groups also took place smoothly
with DMA (entries 1–8) whereas 4-nitrobenzenamine remains
almost inert under the conditions, and only affords 59% of the
product even if increasing the reaction time to 12 h (entry 9).
Employing dimethylacrylamide as the partner of DMF and
DMA under these reaction conditions was not successful,
and no desired product was observed.
A putative reaction mechanism for this direct acylation of
aryl amines, exempliﬁed by the formation of 3g, is depicted
in Scheme 2. The ﬁrst step involves the protonation of car-
bonyl to result in the intermediate 4. Then the nucleophilic
attack of aniline 1g on 4 results in the additional product 5,
which collapses with the formation of N-acetylated product 3g.
Table 2 Reactions of DMF with various aryl amines 1.a
NH2
R
N H
O
+
NH
R
H
O
100°C, 3 h
1 2
HCl (1.0 equiv.)
Entry 1a–j 2a–j Yield(%)b
1
NH2 NH
H
O
86
2
NH2O NH
H
O
O
92
3
NH2Cl NH
H
O
Cl
94
4
NH2
NH
H
O
90
5
NH2Br NH
H
O
Br
90
6
NH2
Br
NH
H
OBr
88
7
NH2 NH
H
O
90
8
NH2
N
NH
N H
O
72
9
NH2 NH
H
O
76
10c
NH2O2N NH
H
O
O2N
62
a All the reactions are carried out using 1 (1.0 mmol), DMF (1.0 mL), HCl (concentration: 36.5%).
b Isolated yield.
c Reaction time: 24 h.
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Table 3 Reactions of DMA with various aryl amines 1.a
HCl (1.0 equiv.)
NH2
R
N
O
+
NH
R O
120°C, 3 h
1 3
Entry 1a–h, 1j 3a–h, 3j Yield(%)b
1
NH2 NH
O
78
2
NH2O NH
O
O
85
3
NH2Cl NH
O
Cl
75
4
NH2
NH
O
71
5
NH2Br NH
O
Br
77
6
NH2
Br
NH
OBr
79
7
NH2 NH
O
70
8
NH2
N
NH
N
O
64
9c
NH2O2N NH
O
O2N
59
a All the reactions are carried out using 1 (1.0 mmol), DMA (1.0 mL), HCl (concentration: 36.5%).
b Isolated yield.
c Reaction time: 12 h.
118 Q. Zhang, C. Chen
HCl (1.0 equiv.)
PhNH2N
O
+ NHPh
O
120°C, 3 h
1g 3g
N
OH
1g
N NHPh
HO
4 5
Scheme 2 Proposed mechanism.
Direct acylation of aryl amines 1194. Conclusions
In conclusion, we have revealed an efﬁcient and solvent free N-
formylated and N-acetylated strategy for the acylation of aryl
amines in the presence of hydrochloric acid. Various R-aryl
formamides and acetamides could be efﬁciently synthesized
from this novel method. The readily accessible, stable and
inexpensive reagents, as well as the mild reaction conditions
and moderate to excellent yields make the present method a
complement to the traditional method for the rapid construc-
tion of aryl amides. Now, studies are ongoing in our labora-
tory to better understand the reaction mechanism and apply
this acylation method to the synthesis of other amides.
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